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Background Of The Invention 



This invention relates generally to oil and gas exploration, and in particular to forming 
and repairing wellbore casings to facilitate oil and gas exploration. 

During oil exploration, a wellbore typically traverses a number of zones within a 
subterranean formation. Wellbore casings are then formed in the wellbore by radially 
expanding and plastically deforming tubular members that are coupled to one another 
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by threaded connections. Existing methods for radially expanding and plastically 
deformmg tubular members coupled to one another by threaded connections are not 
always reliable or produce satisfactory results. In particular, the threaded connections 
can be damaged during the radial expansion process. 

The present invention is directed to overcoming one or more of the limitations of the 
ex.st.ng processes for radially expanding and plastically deforming tubular members 
coupled to one another by threaded connections. 

Summary of the Invention 
According to one aspect of the present invention, an apparatus for radially expanding 
and plastically deforming an expandable tubular member is provided that includes an 
upper tubular support member defining a first passage, one or more cup seals coupled 
to the exterior surface of the upper tubular support member for sealing an interface 
between the upper tubular support member and the expandable tubular member, an 
upper cam assembly coupled to the upper tubular support member comprising: a 
tubular base coupled to the upper tubular support member, and a plurality of cam arms 
extending from the tubular base in a downward longitudinal direction, each cam arm 
defining an inclined surface, a plurality of upper expansion cone segments interleaved 
w.th the cam arms of the upper cam assembly and pivotally coupled to the tubular 
support member, a lower tubular support member defining a second passage fluidicly 
coupled to the first passage releasably coupled to the upper tubular support member 
and a lower cam assembly coupled to the lower tubular support member comprising- a 
tubular base coupled to the lower tubular support member, and a plurality of cam arms 
extending from the tubular base in an upward longitudinal direction, each cam arm 
defining an inclined surface that mates with the inclined surface of a corresponding one 
of the upper expansion cone segments, wherein the cams arms of the upper cam 
assembly are interleaved with and overlap the cam arms of the lower cam assembly a 
plurality of lower expansion cone segments interleaved with cam arms of the lower cam 
assembly, each lower expansion cone segment pivotally coupled to the lower tubular 
support member and mating with the inclined surface of a corresponding one of the 
cam arms of the upper cam assembly, wherein the lower expansion cone segments 
interleave and overlap the upper expansion cone segments, and wherein the upper 
and lower expansion cone segments together define an arcuate spherical external 
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According to another aspect of the present invention, a collapsible expansion cone is 
provided that includes an upper cam assembly comprising: a tubular base, and a 
plurality of cam arms extending from the tubular base in a downward longitudinal 
direction, each cam arm defining an inclined surface, a plurality of upper expansion 
cone segments interleaved with the cam arms of the upper cam assembly, a lower cam 
assembly comprising: a tubular base, and a plurality of cam arms extending from the 
tubular base in an upward longitudinal direction, each cam arm defining an inclined 
surface that mates with the inclined surface of a corresponding one of the upper 
expansion cone segments, wherein the cams arms of the upper cam assembly are 
interleaved with and overlap the cam arms of the lower cam assembly, a plurality of 
lower expansion cone segments interleaved with cam arms of the lower cam assembly, 
each lower expansion cone segment mating with the inclined surface of a 
corresponding one of the cam arms of the upper cam assembly, means for moving the 
upper cam assembly away from the lower expansion cone segments, and means for 
moving the lower cam assembly away from the upper expansion cone segments. 



According to another aspect of the invention, an apparatus for radially expanding and 
plastically deforming an expandable tubular member is provided that includes a tubular 
20 support member, a collapsible expansion cone coupled to the tubular support member, 
an expandable tubular member coupled to the collapsible expansion cone, means for 
displacing the collapsible expansion cone relative to the expandable tubular member, 
and means for collapsing the expansion cone. 

25 According to another aspect of the invention, a collapsible expansion cone is provided 
that includes an upper cam assembly comprising: a tubular base, and a plurality of cam 
arms extending from the tubular base in a downward longitudinal direction, each cam 
arm defining an inclined surface, a plurality of upper expansion cone segments 
interleaved with the cam arms of the upper cam assembly, a lower cam assembly 

30 comprising: a tubular base, and a plurality of cam arms extending from the tubular base 
in an upward longitudinal direction, each cam arm defining an inclined surface that 
mates with the inclined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams arms of the upper, cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly, a plurality of lower expansion cone 
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Fig. 3a is a fragmentary cross-sectional illustration of a portion of the apparatus of Fig 
5 Fig. 3b is a fragmentary cross-sectional illustration of a portion of the apparatus of Fig 

'a ancTlb fra9mentary Cr ° SS " SeCti0nal il,UStrat, '° n ° f a P° rtion °'*e apparatus of Figs. 
Fig. 4a is a fragmentary cross-sectional illustration of a portion of the apparatus of Fig 

Fig. 5 is a fragmentary cross-sectional illustration of a portion of the apparatus of Figs 
• o ia and 1b. 

Rg. 6 is a fragmentary cross-sectional illustration of a portion of the apparatus of Figs 
la and 1b. * 

20 Figs. 7a-7e are fragmentary cross-sectional and perspective illustrations of the upper 
cam assembly of the apparatus of Figs. 1a and 1b. 
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Fig. 7f is a fragmentary cross-sectional illustration of the lower cam assembly of the 
apparatus of Figs. 1 a and 1 b. 

Figs. 8a-8d are fragmentary cross-sectional and perspective illustrations of one of the 
upper cone segments of the apparatus of Figs. 1a and 1b. 

30 « T " 3 fra9mentary Cr ° SS - SeCti0nal il,ustration of one of the lower cone segments 
30 of the apparatus of Figs. 1a and 1b. 



Fig. 9 is a side view of a portion of the apparatus of Figs. 1 



a and 1b. 
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Fig. 10a is a fragmentary cross sectional illustration of a portion of the apparatus of 
Figs, la and 1b during the radial expansion of the expandable tubular member. 

Fig^ 1 0b is a fragmentary cross sectional illustration of another portion of the apparatus 
5 of Fig. 10a. 

Fig- 11a. is a fragmentary cross sectional illustration of a portion of the apparatus of 
F.gs. 10a and 10b during the adjustment of the expansion cone to a collapsed position. 

10 % 11b is a fragmentary cross sectional illustration of another portion of the apparatus 
of Fig. 11a. 

Rg. 12 is a fragmentary cross sectional illustration of a portion of the apparatus of Figs 
11a and 11b. y 

15 

Fig. 13 is a fragmentary cross sectional illustration of a portion of the apparatus of Figs 
11aand 11b. ' 

FIG. 14 is a fragmentary cross sectional illustration of a portion of the apparatus of 
20 Figs. 1 1a and 1 1b with the expansion cone in a half collapsed position. 

FIG. 15 is a fragmentary cross sectional illustration of a portion of the apparatus of 
Figs. 1 1a and 1 1b with the expansion cone in a fully collapsed position. 



25 Fig. 16 is a side view of a portion of the apparatus of Figs. 10a 



and 10b. 



Fi 9 . 17a. is a fragmentary cross sectional illustration of a portion of the apparatus of 
Figs 11a and 11b after the removal of the apparatus from interior of the expandable 



tubular member. 

30 



Fig^ 17b is a fragmentary cross sectional illustration of another portion of the apparatus 
of Fig. 1 7a. 
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An end of a lower mandrel 34 defines a recess 34a that mates with, receives, and is 
coupled to the external flange 22c of the upper mandrel 22, a recess 34b that mates 
with, receives, and is coupled to the end of the upper mandrel, a passage 34c, and an 
external flange 34d including circumferentially spaced apart meshing teeth 34da on an 
end face of the external flange. Torque pins 36a and 36b further couple the recess 
34a of the end of the lower mandrel 34 to the external flange 22c of the upper mandrel 
22. During operation, the torque pins 36a and 36b transmit torque loads between the 
recess 34a of the end of the lower mandrel 34 and the external flange 22c of the upper 
mandrel 22. 



An upper cam assembly 38 includes a tubular base 38a for receiving and mating with 
the lower mandrel 34 that includes an external flange 38aa, a plurality of 
circumferentially spaced apart meshing teeth 38b that extend from one end of the 
tubular base in the longitudinal and radial directions for engaging the meshing teeth 
34da of the end face of the external flange 34d of the lower mandrel, and a plurality of 
circumferentially spaced apart cam arms 38c that extend from the other end of the 
tubular base in the opposite longitudinal direction and mate with and receive the lower 
mandrel. During operation, the meshing teeth 34da of the end face of the external 
flange 34d of the lower mandrel 34 transmit torque loads to the meshing teeth 38b of 
the upper cam assembly 38. Each of the cam arms 38c include an inner portion 38ca 
extending from the tubular base 38a that has arcuate cylindrical inner and outer 
surfaces, 38caa and 38cab, a tapered intermediate portion 38cb extending from the 
inner portion that has an arcuate cylindrical inner surface 38cba and an arcuate conical 
outer surface 38cbb, and an outer portion 38cc extending from the intermediate portion 
that has arcuate cylindrical inner and outer surfaces, 38cca and 38ccb. In an 
exemplary embodiment, the radius of curvatures of the arcuate outer cylindrical 
surfaces 38cab are greater than the radius of curvatures of the arcuate outer cylindrical 
surfaces 38ccb. In an exemplary embodiment, the radius of curvatures of the arcuate 
inner cylindrical surfaces, 38caa, 38cba, and 38cca are equal. 

A lower cam assembly 40 includes a tubular base 40a for receiving and mating with the 
lower mandrel 34 that includes an external flange 40aa, a plurality of circumferentially 
spaced apart meshing teeth 40b that extend from one end of the tubular base in the 
longitudinal and radial directions, and a plurality of circumferentially spaced apart cam 
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arms 40c that extend from the other end of the tubular base in the opposite longitudinal 
direction and mate with and receive the lower mandrel. Each of the cam arms 40c 
include an inner portion 40ca extending from the tubular base 40a that has arcuate 
cylindrical inner and outer surfaces, 40caa and 40cab, a tapered intermediate portion 
40cb extending from the inner portion 40ca that has an arcuate cylindrical inner surface 
40cba and an arcuate conical outer surface 40cbb. and an outer portion 40cc 
extending from the intermediate portion that has arcuate cylindrical inner and outer 
surfaces, 40cca and 40ccb. In an exemplary embodiment, the radius of curvatures of 
the arcuate outer cylindrical surfaces 40cab are greater than the radius of curvatures 
the arcuate outer cylindrical surfaces 40ccb. In an exemplary embodiment, the radius 
of curvatures of the arcuate inner cylindrical surfaces, 40caa, 40cba, and 40cca are 
equal. In an exemplary embodiment, the upper and lower cam assemblies, 38 and 40, 
are substantially identical. In an exemplary embodiment, the cam arms 38c of the 
upper cam assembly 38 interleave the cam arms 40c of the lower cam assembly 40. 
Furthermore, in an exemplary embodiment, the cam arms 38c of the upper cam 
assembly also overlap with the cam arms 40c of the lower cam assembly 40 in the 
longitudinal direction thereby permitting torque loads to be transmitted between the 
upper and lower cam assemblies. 

An end of an upper retaining sleeve 42 receives and is threadably coupled to the 
external flange 34d of the lower mandrel 34 that defines a passage 42a for receiving 
and mating with the outer circumferential surfaces of the external flange 38aa and the 
meshing teeth 38b of the upper cam assembly 38, and an inner annular recess 42b. 
and includes an internal flange 42c for retaining the external flange 38aa of the upper 
cam assembly, and an internal flange 42d at one end of the upper retaining sleeve that 
includes a rounded interior end face. An o-ring seal 44 is received within the annular 
recess 42b for sealing the interface between the upper retaining sleeve 42 and the 
external flange 34d of the lower mandrel 34. A disc shaped shim 43 is positioned 
within the upper retaining sleeve 42 between the opposing end faces of the internal 
flange 42c of the retaining sleeve and the meshing teeth 38b of the upper cam 
assembly 38. 

A plurality of upper expansion cone segments 44 are interleaved among the cam arms 
38c of the upper cam assembly 38. Each of the upper expansion cone segments 44 
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surface "a* „ a„ e * * ** ™* «*"*- '™ 

rtace 44aab. In an exempt embodiment, the radius of curvature of the arcuate 
cylindrical inner surface 44ca is create fh=„ », „■ 

cylindrical surface 44aab TaL ' * *» arcuate 

surfaces. 44aaa anTlab ^ ZTlT^ ^ ^ 

Aplurality of lower expansion cone segments 46 are interteaved among and overtap 
46aaa and 46aab, and an arouate cyfindrtca, outer surtace 46ab. intennediate portions 
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Portions 46c haC It r„ d 2 ^ 4 "» 3 "° 46 °°°' - «•»• 

Portions 38* o^o^T* "* MCbb * ■» 

me corresponding can, arms of tne tower cam assembly. 

surface 4oaab. in an ll ^T, " " "— 

inner sunLTcl Z^ZT T °' ~ * "» «- 
cylindnc,, surface 46aab in J„ ra< " US " CUrValure * » e «<— 

-aces. 46aaa and tab ^ *" ~' ™ 

:;:e:;r~:r~ 

upper expansion cone segmems 44 a re te l r t ■ 1 ^ " , * 0 *""* ■» 
ends o f ,be ,n t e,med,a te ^ oT" ^ ft0m 

lower expansion cone segment 46 are rZ a POr "° nS a " d "» 

ends o, th e ^J^^Z 7, TT ^ ^ 



cyhndrical surface, the arcuate spherical outer surfaces, 44bbb and 46bbb, of the upper 
and lower expansion cone segments define an contiguous arcuate spherical surface 
and the arcuate cylindrical outer surfaces, 44cb and 46bba, of the upper and lower 
expansion cone segments define a contiguous cylindrical surface. 

An end of a lower retaining sleeve 48 defines a passage 48a for receiving and mating 
With the outer circumferential surfaces of the external flange 40aa and the meshing 
teeth 40b of the lower cam assembly 40. and an inner annular recess 48b and 
-ncludes an internal flange 48c for retaining the external flange of the lower cam 
assembly, and an internal flange 48d at one end of the lower retaining sleeve that 
-ncludes a rounded interior end face for mating with the hinge grooves 46 aba of the 
lower expansion cone segments 46 thereby pivotally coupling the lower expansion 
cone segments to the lower retaining sleeve. An o-ring seal 50 is received within the 
annular recess 48b. A disc shaped shim 49 is positioned within the lower retaining 
sleeve 48 between the opposing end faces of the internal flange 48c of the retaining 
sleeve and the external flange 40aa of the lower cam assembly 40. 

In an exemplary embodiment, the arcuate cylindrical outer surfaces 44bba of the upper 
expansion cone segments 44 and the arcuate cylindrical outer surfaces 46cb of the 
lower expansion cone segments 46 are aligned with the outer surface of the upper 
retaining sleeve 42. In an exemplary embodiment, the arcuate cylindrical outer 
surfaces 44cb of the upper expansion cone segments 44 and the arcuate cylindrical 
outer surfaces 46 bba of the lower expansion cone segments are aligned with the outer 
surface of the lower retaining sleeve 48. 

An end of a float shoe adaptor 50 that includes a plurality of circumferentially spaced 
apart meshing teeth 50a for engaging the meshing teeth 40b of the lower cam 
assembly 40 is received within and threadably coupled to an end of the lower retaining 
sleeve 48 that defines a passage 50b at one end for receiving an end of the lower 
mandrel 34. a passage 50c having a reduced inside diameter at another end, a plurality 
of radial passages 50d at the other end, and includes an internal flange 50e, and a 
torsional coupling 50f at the other end that includes a plurality of torsional coupling 
members 50fa. During operation, the meshing teeth 40b of the lower cam assembly 40 
transm.t toque loads to and from the meshing teeth 50a of the float shoe adaptor. 
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and another end of the retainino steL h ' 68 3 flanBe 52d ' 

end of the refining sleeve , 1, ° * B * 58 ™ P °* ned "* in a " 

-ransmitted between the nT JTT T l0rSi ° nal ,MdS "V "» 

expandable h ^ ^ *" * " d * a " 

* 14. ,e z 722 :r: r:; ,ubu,ar support mambar * - 

packer cup 28 me lower mJTTjT ^ ^ 24 ' 8,6 

receives an end of the fll, T « adaP,0f ^ ,S coupled >° a "« 

a -s Ph ej e r;ir.r.rrr 0 r^^ 

expansion oone segments, 44 and 46. UPP8P and '° Wer 
During operation, as illustrated in Fios 1a anrf ih «. 

Positioned wlthln a preex,s„n S strl^ * a r ,Par " a " y 

traverses a subterranean form a « ♦„ . example, a borehole 100 that 

The borehole ZZ ^ ' "*" ^ ™ 

™y be onented ,„ any position, fo, example, from vertical to 
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horizontal. A fluidic materie, ,04 is ,hen injected into me appends 10 tllrough the 
passages 12a, ,4a, 22 a . 34o. 50c, 64 a . and 64b into toe annulus bejn toe 
expandable lobular member 66 and toe borehole ,00. In an exemplary embodiment, 
toe fc* matena, ,04 is a hardenable fluidic sealing materia,. ,„ to* mrmer an 
annular seeling layer may be formed -in toe annulus beb»een toe expandable 
tubular member 66 and the borehole 100. 

As Illustrated in Figs, ,0a and ,0b. a ball 106 is toen be positioned wW„ and blocking 
the vatveable passage 64b o, toe float shoe 64 by injecting a fluidic materie, ,08 ,n,o 
'0 the apparatus ,0 through toe passages 12a, ,4a. 22a, 34c. and 50c. As a resul, toe 
increased operating pressure wiftin toe passage 50c bursts open toe burs, discs 62 

%T"T, T radial passa9es 50do " he " oaUhoe ada " w » 

njecflon o, toe fluidic materia, ,08 .hereby pressun.es toe interior of toe expandable 
tobutor member 66 below toe tower packer cup 28 flnereby displacing toe upper end 
tower expansion cone segments, 44 end 46. upwardly relative ,o toe ftoa, shoe 64 end 
toe expandable .ubuler member 66. As a result, toe expandable .ubular member 66 is 
Plas„calry deformed end radielly expanded. Thus, toe burs, discs 62 sense toe 
operating pressure o, toe injected fluidic materia, 108 witoin toe passage 50c and 
thereby con.ro, toe Miato, of toe radia, expansion and ptosec de,orma,ton of toe 
20 expandable tubuler member 66. 

in en exemplary embodiment any leekege of toe pressurized fluidic matene. ,08 pes, 

packer cup 24. In to,s manner, toe tower packer cup 28 provides toe prime* fluidic 
25 sea ege,ris, toe interior surface o, toe expend* n,bu,ar member 66. and toe upper 
packer cup 24 provides a secondary, back-up. fluidic seel agains, toe interior surface o, 
the expendable hrbular member. Furthermore, because toe lower pecker cup 28 
and/o, toe upper pecker cup 24 provide a fluid «gh, sea, agains, toe interior surface of 
toe expendable .ubuia, member 66, toe upper end tower expansion cone segmente, 44 
and 48. ere P u„ed upward* through toe expendable tubular member by toe exial 
forces creeted by toe packer cups. 

to an exemptery embodimen,. during toe radia, expansion process, toe interface 
behveeo toe arcuate spherical exlema, surfaces. 44bbb and 46bbb. o, toe uppar end 
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tower expansion cone segments. 44 and 46, and the interior SU rfaoe of the expandabie 
tobular member 66 is no. «uid tight As a result, the fluidic materia, 108 may p ro «e 
U«ta to the enure extent of me interface be^n the cylindrical extemat surfaces. 
44bba and 46cb, and .he arcuate spherioa, externa, surfaces. 44bbb and 46bbb of .he 

el^ T:', 6 ^"*" "» S ~ « - « - *e interior surface of .he 
expandable tubutar member 66. Moreover, experimental tea. results have Indicated 
fh unexpected result the, the required operating press ure of me fluidic mateha, ,08 for 
«M expansion o, me expandable .ubuiar member 66 is less when the interface 
between me cylindrical externa, surfaces. 44bba and 46cb. and me arcuate spherical 

uZt l 44 ™ ^ 46bbb ' °' ' he UPPer and ,ower ~" — ~. 

" 1,16 eXPandab,e ,ubu,ar ™ mte <* is no. fluid 
W. Furthermore, experimental teal results have also demonstrated mat me arcuate 

'I" TT P ^ ed ^ ^ a ™ ate SPhenCal <*•* 

and 46bbb. of me upper and lower expansion cone segments, 44 and 46, provides 

adta, expansion and M deformation of the expandable tubular member 66 using 

lower operating pressures versus an expansion cone having a conical outer surface. 

In an exemplary embodiment, as illustrated in Fkjs. 11a. 11b. 12, 13. 14. 15. and 16 
me upper and lower expansion cone segments. 44 and 46, may men be adiusted to a 
collapsed position by placing a ball ,10 within me ball valve sea. 52c of me throat 
passage 52b o, me retaining sleeve 52. The continued injectton o, me fluidic material 
106, after the placement of me ball 110 within me ball valve sea. 52c. creates a 
dflerenta, pressure across me ball 1 10 thereby applying a downward longitudinal force 
onto me ,eta,n,ng sleeve 52 thereby shearing the shear pins 56. As a result me 
«mv sleeve 52 is displaced in ,he downward longitudinal direcflon re te,,ve to me 
floa shoe adaptor 50 thereby permitting me loctdng dogs 58 to be displaced outwardly 
in .he red*, dlrecflon. The outward radial displacement o, the locking dogs 58 
daengages the locking dogs from engagement with the lower mandrel 34 Thus me 
shear p,ns 56 sense me operating pressure o, the injected fluidic materfal 108 within 
he throa passage 52b and .hereby controlling me initiation o, the collapsing o, toe 
upper and lower expansion cone segments. 44 and 46. 

sTeevTorrlT 0 " * ** " UldiC ma,e " al 1M t0 **» ■» »-*■ 

sleeve 52 ,n the downward longitudinal direction relative to me float shoe adaptor 50 
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untrl ■» externa, flange 52d ef (he retaining sieeve 52 impacts, and applies a 
downward iongiludina, force ,0. the interna, flange 50e o, me floa, shoe adaptor L 

dTl T Sh06 adaP '° r M 15 ,he " *° «* d ~ longitudinal 

5 lT,r H to, " elOWermandrel34 ' online, dispJmentot 

aTserl t thT '° "* 34 — - *~ ~» 

I V eXPanS, ° n °" Se9TOnb * and » e "«* —*« s'eeve 

48. wh,ch are rigidly attached to the float shoe adaptor, to also be displaced 
downwardly in the tongaudina, direct re,a«ve to the iower mandrel 34, the up^t 
assembty 38, and the upper expansion cone segments 44 

10 

Th. downward longitudina, displacement o, me iower cam assembly 40 retative to the 
l.de of, of me cnrcat externa, surfaces 40cbb o, the lower cam assembly and thereby 

is : ::t t: radia ' r° n about ,he ,ntema ' ^ « d <* - — -** 

sleeve 42. The downward longitudinal displacement of the lower expansion cone 
segments 46 relative to the upper cam assembly 38 causes the iower expansion co 
stents 46 to s,*e off o, the externa, OT ica, surfaces 38cbb o, the upper Z 
ssembty and thereby P*vo, inwardiy ,„»» radia, d,rec«on about the interna, tlange48d 
me tower retaining sleeve. As a resul, o, the inward radia, moventen, of 

surf m Se9m6n,S ' 44 and 46 ' "» a ™ ate «£* 

44bbb and 46bbb. o, the upper and lower expansion cone segments 44 and 

46. no longer provide a substantially contiguous outer arcuate spherical surface. 

25 ^ZTTJT"* m ~ 0,0,6 re ' aWn9 — 42 and «- — a*Ptor 

dogs 58. At thrs pant as Illustrated in Figs, ,7a and 17b. the apparatus ,0 may then 
be removed from me intehor of the expandable tubular member 66 

rir , ? expansion and *•* da, ~ * ^ ™* 

member by conuoilabiy coliapsing me upper and tower expansion cone segments. 44 
and 46. As a result, .he apparatus 10 provides me following benefits: (1) me apparatus 
s removahte when expansion probtems are entered; (2, tower l^anjn TrL 
are reared because the porlion of the expandable tubular member 66 between the 



packer cups, 24 and 28, and the expansion cone segments is exposed to the 
expansion fluid pressure; and (3) the expansion cone segments can be run down 
through the expandable tubular member, prior to radial expansion, and then the 
expansion cone segments can be expanded. 

In several alternative embodiments, resilient members such as. for example, spring 
elements are coupled to the upper and lower expansion cone segments, 44 and 46, for 
resiliently biasing the expansion cone segments towards the expanded or collapsed 
position. 



In several alternative embodiments, the placement of the upper and lower expansion 
cone segments, 44 and 46, in an expanded or collapsed position is reversible as 
disclosed in PCT patent application serial no. PCT / / attorney docket no. 

25791.88.02, filed on , the disclosure of which is incorporated herein by 

reference. 

In several alternative embodiments, a small gap is provided between the upper and 
lower expansion cone segments, 44 and 46, when positioned in the expanded 
condition that varies from about .005 to .030 inches. 

An apparatus for radially expanding and plastically deforming an expandable tubular 
member has been described that includes an upper tubular support member defining a 
first passage, one or more cup seals coupled to the exterior surface of the upper 
tubular support member for sealing an interface between the upper tubular support 
member and the expandable tubular member, an upper cam assembly coupled to the 
upper tubular support member comprising: a tubular base coupled to the upper tubular 
support member, and a plurality of cam arms extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an inclined surface, a plurality 
of upper expansion cone segments interleaved with the cam arms of the upper cam 
assembly and pivotally coupled to the tubular support member, a lower tubular support 
member defining a second passage fluidicly coupled to the first passage releasably 
coupled to the upper tubular support member, a lower cam assembly coupled to the 
lower tubular support member comprising: a tubular base coupled to the lower tubular 
support member, and a plurality of cam arms extending from the tubular base in an 

20 



o 



10 



upward longitudinal direction, each cam arm defining an inclined surface that mates 
with the inclined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly, and a plurality of lower expansion 
cone segments interleaved with cam arms of the lower cam assembly, each lower 
expansion cone segment pivotally coupled to the lower tubular support member and 
mating with the inclined surface of a corresponding one of the cam arms of the upper 
cam assembly, wherein the lower expansion cone segments interleave and overlap the 
upper expansion cone segments, and wherein the upper and lower expansion cone 
segments together define an arcuate spherical external surface for plastically 
deforming and radially expanding the expandable tubular member. In an exemplary 
embodiment, the upper tubular support member includes: a safety collar, a torque plate 
coupled to the safety collar including a plurality of circumferentially spaced apart 
meshing teeth at an end, an upper mandrel including a plurality of circumferentially 
15 spaced apart meshing teeth at one end for engaging the meshing teeth of the torque 
plate and an external flange at another end, and a lower mandrel coupled to the 
external flange of the upper mandrel including an external flange including a plurality of 
circumferentially spaced apart meshing teeth. In an exemplary embodiment, the 
tubular base of the upper cam assembly includes a plurality of circumferentially spaced 
20 apart meshing teeth for engaging the meshing teeth of the external flange of the lower 
mandrel. In an exemplary embodiment, the apparatus further includes a stop nut 
coupled to an end of the lower mandrel for limiting the movement of the lower tubular 
member relative to the lower mandrel. In an exemplary embodiment, the apparatus 
further includes locking dogs coupled to the lower mandrel. In an exemplary 
25 embodiment, the lower tubular support member includes: a float shoe adapter including 
a plurality of circumferentially spaced apart meshing teeth at one end, an internal 
flange, and a torsional coupling at another end, a lower retaining sleeve coupled to an 
end of the float shoe adapter including an internal flange for pivotally engaging the 
lower expansion cone segments, and a retaining sleeve received within the float shoe 
30 adapter releasably coupled to the upper tubular support member. In an exemplary 
embodiment, an end of the retaining sleeve abuts an end of the tubular base of the 
lower cam assembly. In an exemplary embodiment, the tubular base of the lower cam 
assembly includes a plurality of circumferentially spaced apart meshing teeth for 
engaging the meshing teeth of the float shoe adaptor. In an exemplary embodiment, 
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upper mandrel including an external flange induding a plurality of circumferentially 
spaced apart meshing teeth, a stop nut coupled to an end of the lower mandre. an 
upper retaining sleeve coupled to the lower mandrel induding an internal flange, one or 
more cup seals coupled to the upper mandrel for sealing an interface between the 
upper mandre. and the expandable tubular member, an upper cam assembly coupled 
to the ower mandrel including: a tubular base induding a p.ura.ity of deferentially 
spaced apart meshing teeth for engaging the meshing teeth of the external flange of 
he lower mandre!, and a plurality of cam arms extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an inclined surface, a plurality 
of upper expansion cone segments interleaved with the cam arms of the upper cam 
assembly and pivota.ly coupled to the interna, flange of the upper retaining sleeve, a 
float shoe adapter induding a p.ura,ity of circumferentially spaced apart meshing teeth 
at one end, an internal flange, and a torsional coupling at another end, a lower 
retaining sleeve coupled to an end of the float shoe adapter induding an interna, 
flange, a retaining sleeve received within the float shoe adapter, one or more shear 
P.ns for releasably coupling the retaining sleeve to the stop nut, a lower cam assembly 
coupled to the float shoe adapter including: a tubular base including a plurality of 
arcumferentially spaced apart meshing teeth for engaging the meshing teeth of the 
float shoe adapter, and a plurality of cam arms extending from the tubular base in an 
upward longitudinal direction, each cam arm defining an inclined surface that mates 
w.th the inclined surface of a corresponding one of the upper expansion cone 
segments, wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the .ower cam assembly, a plurality of lower expansion cone 
segments interleaved with cam arms of the lower cam assembly, each lower expansion 
cone segment pivotally coupled to the internal flange of the lower retaining sleeve and 
mat,ng with the inclined surface of a corresponding one of the cam arms of the upper 
cam assembly, a float shoe releasably coupled to the torsiona. coupling of the float 
shoe adaptor, and an expandable tubular member coupled to the float shoe and 
supported by and movab.y coupled to the upper and .ower expansion cone segments 
where,n the lower expansion cone segments interieave and overlap the upper 
expansion cone segments, wherein the upper and lower expansion cone segments 
together define an arcuate spherical externa, surface for plastically deforming and 
rad,a,.y expanding the expandable tubu.ar member, wherein each upper expansion 
cone segment includes: an inner portion defining an arcuate cylindrical upper surface 
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including a hinge groove for pivotally coupling the upper expansion cone segment to 
the upper tubular support member and arcuate cylindrical lower surfaces, an 
intermediate portion defining arcuate cylindrical and spherical upper surfaces and an 
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper 
5 and lower surfaces, wherein each lower expansion cone segment includes: an inner 
portion defining an arcuate cylindrical upper surface including a hinge groove for 
pivotally coupling the lower expansion cone segment to the lower tubular support 
member and arcuate cylindrical lower surfaces, an intermediate portion defining 
arcuate cylindrical and spherical upper surfaces and an arcuate conical lower surface, 
10 and an outer portion defining arcuate cylindrical upper and lower surfaces, wherein 
each upper expansion cone segment is tapered in the longitudinal direction from the 
intermediate portion to the outer portion, and wherein each lower expansion cone 
segment is tapered in the longitudinal direction from the intermediate portion to the 
outer portion. 

15 

A collapsible expansion cone assembly has also been described that includes an upper 
tubular support member including an internal flange, an upper cam assembly coupled 
to the upper tubular support member including: a tubular base coupled to the upper 
support member, and a plurality of cam arms extending from the tubular base in a 

20 downward longitudinal direction, each cam arm defining an inclined surface, a plurality 
of upper expansion cone segments interleaved with the cam arms of the upper cam 
assembly and pivotally coupled to the internal flange of the upper tubular support 
member, a lower tubular support member including an internal flange, one or more 
frangible couplings for releasably coupling the upper and lower tubular support 

25 members, a lower cam assembly coupled to the lower tubular support member 
including: a tubular base coupled to the lower tubular support member, and a plurality 
of cam arms extending from the tubular base in an upward longitudinal direction, each 
cam arm defining an inclined surface that mates with the inclined surface of a 
corresponding one of the upper expansion cone segments, wherein the cams arms of 

30 the upper cam assembly are interleaved with and overlap the cam arms of the lower 
cam assembly, and a plurality of lower expansion cone segments interleaved with cam 
arms of the lower cam assembly, each lower expansion cone segment pivotally 
coupled to the internal flange of the lower tubular support member and mating with the 
inclined surface of a corresponding one of the cam arms of the upper cam assembly, 

24 



wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments, and wherein the upper and lower expansion cone segments 
together define an arcuate spherical external surface for plastically deforming and 
radially expanding the expandable tubular member. In an exemplary embodiment, 
each upper expansion cone segment includes: an inner portion defining an arcuate 
cylindrical upper surface including a hinge groove for pivotally coupling the upper 
expansion cone segment to the upper tubular support member and arcuate cylindrical 
lower surfaces, an intermediate portion defining arcuate cylindrical and spherical upper 
surfaces and an arcuate conical lower surface, and an outer portion defining arcuate 
cylindrical upper and lower surfaces, and wherein each lower expansion cone segment 
includes: an inner portion defining an arcuate cylindrical upper surface including a 
hinge groove for pivotally coupling the lower expansion cone segment to the lower 
tubular support member and arcuate cylindrical lower surfaces, an intermediate portion 
defining arcuate cylindrical and spherical upper surfaces and an arcuate conical lower 
surface, and an outer portion defining arcuate cylindrical upper and lower surfaces. In 
an exemplary embodiment, each upper expansion cone segment is tapered in the 
longitudinal direction from the intermediate portion to the outer portion, and wherein 
each lower expansion cone segment is tapered in the longitudinal direction from the 
intermediate portion to the outer portion. 

A collapsible expansion cone assembly has also been described that includes an upper 
tubular support member including an internal flange, an upper cam assembly coupled 
to the upper tubular support member including: a tubular base coupled to the upper 
support member, and a plurality of cam arms extending from the tubular base in a 
downward longitudinal direction, each cam arm defining an inclined surface, a plurality 
of upper expansion cone segments interleaved with the cam arms of the upper cam 
assembly and pivotally coupled to the internal flange of the upper tubular support 
member, a lower tubular support member including an internal flange, one or more 
frangible couplings for releasably coupling the upper and lower tubular support 
members, a lower cam assembly coupled to the lower tubular support member 
including: a tubular base coupled to the lower tubular support member, and a plurality 
of cam arms extending from the tubular base in an upward longitudinal direction, each 
cam arm defining an inclined surface that mates with the inclined surface of a 
corresponding one of the upper expansion cone segments, wherein the cams arms of 
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the upper cam assembly are interleaved with and overlap the cam arms of the lower 
cam assembly, and a plurality of lower expansion cone segments interleaved with cam 
arms of the lower cam assembly, each lower expansion cone segment pivotally 
coupled to the internal flange of the lower tubular support member and mating with the 
•ncl.ned surface of a corresponding one of the cam arms of the upper cam assembly 
where.n the lower expansion cone segments interleave and overlap the upper 
expans.cn cone segments, wherein the upper and lower expansion cone segments 
together define an arcuate spherical external surface for plastically deforming and 
rad.a.ly expanding the expandable tubular member, wherein each upper expansion 
cone segment includes: an inner portion defining an arcuate cylindrical upper surface 
«nclud,ng a hinge groove for pivotally coupling the upper expansion cone segment to 
the upper tubular support member and arcuate cylindrical lower surfaces an 
.ntermediate portion defining arcuate cylindrica. and spherical upper surfaces and an 
arcuate conical .ower surface, and an outer portion defining arcuate cylindrical upper 
and lower surfaces, wherein each lower expansion cone segment includes: an inner 
port.cn defining an arcuate cylindrical upper surface including a hinge groove for 
p.votally coup.ing the lower expansion cone segment to the lower tubuiar support 
member and arcuate cylindrical lower surfaces, an intermediate portion defining 
arcuate cylindrical and spherical upper surfaces and an arcuate conical lower surface 
and an outer portion defining arcuate cylindrical upper and lower surfaces, wherein 
each upper expansion cone segment is tapered in the longitudinal direction from the 
-ntermediate portion to the outer portion, and wherein each lower expansion cone 
segment is tapered in the .ongitudinal direction from the intermediate portion to the 
outer portion. 

An apparatus for radially expanding and plastically deforming an expandable tubular 
member has also been described that inciudes a tubular support member, a collapsible 
expans,on cone coupled to the tubular support member, an expandable tubular 
member coupled to the collapsible expansion cone, means for displacing the 
collapsible expansion cone relative to the expandable tubular member, and means for 
collapsrng the expansion cone. In an exemplary embodiment, the tubular support 
member includes an upper tubular support member including an internal flange and a 
lower tubular support member including an interna, flange, wherein the expansion cone 
•ncludes: an upper cam assembly coupled to the upper tubular support member 
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support member, and means for Mir* cement o, the upper tubular support 
member rotative to the .war tubuiar support member. In an exemplary enlZ 

20 Z , ' nClUdeS: ** ^ "» W ~n le segme s 
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with the inclined surface of a corresponding one of the cam arms of the upper cam 
assembly, means for moving the upper cam assembly away from the lower expansion 
cone segments, and means for moving the lower cam assembly away from the upper 
expansion cone segments. In an exemplary embodiment, the upper and lower 
expansion cone segments together define an arcuate spherical external surface. In an 
exemplary embodiment, each upper expansion cone segment includes: an inner 
portion defining an arcuate upper surface and arcuate cylindrical lower surfaces, an 
intermediate portion defining arcuate cylindrical and spherical upper surfaces and an 
arcuate conical lower surface, and an outer portion defining arcuate cylindrical upper 
and lower surfaces, and wherein each lower expansion cone segment includes: an 
inner portion defining an arcuate cylindrical upper surface and arcuate cylindrical lower 
surfaces, an intermediate portion defining arcuate cylindrical and spherical upper 
surfaces and an arcuate conical lower surface, and an outer portion defining arcuate 
cylindrical upper and lower surfaces. In an exemplary embodiment, each upper 
expansion cone segment is tapered in the longitudinal direction from the intermediate 
portion to the outer portion, and each lower expansion cone segment is tapered in the 
longitudinal direction from the intermediate portion to the outer portion. 

A method of radially expanding and plastically deforming an expandable tubular 
member has also been described that includes supporting the expandable tubular 
member using a tubular support member and a collapsible expansion cone, injecting a 
fluidic material into the tubular support member, sensing the operating pressure of the 
injected fluidic material within a first interior portion of the tubular support member, 
displacing the collapsible expansion cone relative to the expandable tubular member 
when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of the tubular support member, 
sensing the operating pressure of the injected fluidic material within a second interior 
portion of the tubular support member, and collapsing the collapsible expansion cone 
when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the second interior portion of the tubular support member. 
In an exemplary embodiment, the method further includes: pulling the collapsible 
expansion cone through the expandable tubular member when the sensed operating 
pressure of the injected fluidic material exceeds a predetermined level within the first 
interior portion of the tubular support member. In an exemplary embodiment, pulling 

28 



'-J 



25 



30 



12 ~ " *** ^es: 

«Ptag one or more «,p seais ,o the ,ubu,a, support member above toe collapsible 
jnsron cone, praseuring toe inferior o, toe expandable ,ub u ,er member j£ 

5 IT' :" in9 m °°" aPSib,e ~ *™* i- -™ ,ubu,ar 

3 TT an upper lubular 5UPpwt TOmber and a ■»» «* «£* 

me.b r and wherain coltopstog toe expans|M ^ 

upper <ub„,ar member reiato-e ,o toe tower tobuiar support member. In an exemplary 

«tod,ng. a tobutor base, and a p,ura,i,y of oam arms exlendtog toom toe .ubular base 

i aitr ,on9i,ud ' nai ea * ™ 3 ™ «* « « — 

oam as emb^r and p,vo,a,, y coupled to to. uppa, ( ubu, ar support member, a towerl 

z: t: s: a *** base ' and a ^ * - m -» * 
2t t ,n r t iona " u< " na ' ***"• each a ™ den "^ - »— 

surface (ha, mates v* toe Wined surfaoe o, a .^responding one of toe upper 
expanse oone segmems. herein toe earns arms of toe upper can, assemb, era 
•n<e eaved wito and overtop toe oam an™ of toe tower oam assembly, and a ZZ 

assembly, each tower expansion cone segmen, pivoMy coupled ,o toe iower .ubular 

ZTmsTto/ and ma "" 9 * lndlned surface ° f a « - - 

cam arms of the upper cam assembly. 

ins underatood toa, varialtons may be made in toe foregoing witoou, departing f rom 
emblT 1 '~ aXamP,e ' 016 '~ - «—« ^ 

upr s r y ^ ,o provide a **" 3 *— ■ " • 

upport Furthermore, toe elemems and .eachings o, toe various IllusWve 
embod,men,s may be combined In whole or in part in some or all of toe iilus^Uve 
embodirnen*. In addl,,on, toe expansion surfaces o, toe expanston cone se me* 

example, corneal, spherical, elliptical, and/or parabolic. 

Although inuswve embod.men,s o, toe invemion have been shown and described a 
w,de range of median, changes and subs«on is con,em P ,a,ed in toe Coin, 



enclosure. In some instances, some features of the present invention may be 
employed without a corresponding use of the other features. Accordingly it is 
appropriate that the appended claims be construed broadly and in a manner consistent 
with the scope of the invention. 
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Claims 

1. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

5 an upper tubular support member defining a first passage; 

one or more cup seals coupled to the exterior surface of the upper tubular 
support member for sealing an interface between the upper tubular support member 
and the expandable tubular member, and 

an adjustable expansion device coupled to the upper tubular support member 
10 adapted to be controllably adjusted between a smaller outside diameter and a larger 
outside diameter. 

2. The apparatus of claim 1 , wherein the adjustable expansion device comprises: 

an upper cam assembly coupled to the upper tubular support member 
15 comprising: 

a tubular base coupled to the upper tubular support member; and 

a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
20 the upper cam assembly and pivotally coupled to the upper tubular support member; 

a lower tubular support member defining a second passage fluidicly coupled to 
the first passage releasably coupled to the upper tubular support member; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member; and 
25 a plurality of cam arms extending from the tubular base in an upward longitudinal 

direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 
30 a plurality of lower expansion cone segments interleaved with cam arms of the 

lower cam assembly, each lower expansion cone segment pivotally coupled to the 
lower tubular support member and mating with the inclined surface of a corresponding 
one of the cam arms of the upper cam assembly. 
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3. The apparatus of claim 2, wherein the lower expansion cone segments interleave 
and overlap the upper expansion cone segments; and wherein the upper and lower 
expansion cone segments together define an arcuate spherical external surface for 
plastically deforming and radially expanding the expandable tubular member. 
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1. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

an upper tubular support member defining a first passage; 

one or more cup seals coupled to the exterior surface of the upper tubular 
support member for sealing an interface between the upper tubular support member 
and the expandable tubular member; 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper tubular support member, and 

a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the tubular support member; 

a lower tubular support member defining a second passage fluidicly coupled to 
the first passage releasably coupled to the upper tubular support member; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
lower tubular support member and mating with the inclined surface of a corresponding 
one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; and 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically deforming and radially expanding the 
expandable tubular member. 

2. The apparatus of claim 1 , wherein the upper tubular support member comprises: 
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a safety collar; 

a torque plate coupled to the safety collar comprising a plurality of 
circumferentially spaced apart meshing teeth at an end; 

an upper mandrel comprising a plurality of circumferentially spaced apart 
meshing teeth at one end for engaging the meshing teeth of the torque plate and an 
external flange at another end; and 

a lower mandrel coupled to the external flange of the upper mandrel comprising 
an external flange comprising a plurality of circumferentially spaced apart meshing 
teeth. 

3. The apparatus of claim 2, wherein the tubular base of the upper cam assembly 
comprises a plurality of circumferentially spaced apart meshing teeth for engaging the 
meshing teeth of the external flange of the lower mandrel. 

4. The apparatus of claim 2, further comprising: 

a stop nut coupled to an end of the lower mandrel for limiting the movement of 
the lower tubular member relative to the lower mandrel. 

5. The apparatus of claim 2, further comprising: 
locking dogs coupled to the lower mandrel. 

6. The apparatus of claim 1 , wherein the lower tubular support member comprises: 

a float shoe adapter comprising a plurality of circumferentially spaced apart 
meshing teeth at one end, an internal flange, and a torsional coupling at another end; 

a lower retaining sleeve coupled to an end of the float shoe adapter comprising 
an internal flange for pivotally engaging the lower expansion cone segments; and 

a retaining sleeve received within the float shoe adapter releasably coupled to 
the upper tubular support member. 

7. The apparatus of claim 6. wherein an end. of the retaining sleeve abuts an end of 
the tubular base of the lower cam assembly. 
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8. The apparatus of claim 6, wherein the tubular base of the lower cam assembly 
comprises a plurality of circumferentially spaced apart meshing teeth for engaging the 
meshing teeth of the float shoe adaptor. 

9. The apparatus of claim 6, further comprising: 

a float shoe releasably coupled to the torsional coupling of the float shoe adaptor, 

and 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and lower expansion cone segments. 

10. The apparatus of claim 1 , further comprising: 

one or more shear pins coupled between the upper tubular support member and 
the lower tubular support member. 

1 1 . The apparatus of claim 1 , further comprising: 

a stop member coupled to the upper tubular support member for limiting 
movement of the upper tubular support member relative to the lower tubular support 
member. 

1 2. The apparatus of claim 1 , further comprising: 

a float shoe releasably coupled to the lower tubular support member that defines 
a valveable passage; and 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and lower expansion cone segments. 

13. The apparatus of claim 1, wherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 

wherein each lower expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces. 

14. The apparatus of claim 13, wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 
and wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

15. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

a safety collar 

a torque plate coupled to the safety collar comprising a plurality of 
circumferentially spaced apart meshing teeth at an end; 

an upper mandrel comprising a plurality of circumferentially spaced apart 
meshing teeth at one end for engaging the meshing teeth of the torque plate and an 
external flange at another end; 

a lower mandrel coupled to the external flange of the upper mandrel comprising 
an external flange comprising a plurality of circumferentially spaced apart meshing 
teeth; 

a stop nut coupled to an end of the lower mandrel; 

an upper retaining sleeve coupled to the lower mandrel comprising an internal 
flange; 

one or more cup seals coupled to the upper mandrel for sealing an interface 
between the upper mandrel and the expandable tubular member; 

an upper cam assembly coupled to the lower mandrel comprising: 

a tubular base comprising a plurality of circumferentially spaced apart meshing 
teeth for engaging the meshing teeth of the external flange of the lower mandrel; and 

a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 
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a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
retaining sleeve; 

a float shoe adapter comprising a plurality of circumferentially spaced apart 
meshing teeth at one end, an internal flange, and a torsional coupling at another end; 

a lower retaining sleeve coupled to an end of the float shoe adapter comprising 
an internal flange; 

a retaining sleeve received within the float shoe adapter; 

one or more shear pins for releasably coupling the retaining sleeve to the stop 

nut; 

a lower cam assembly coupled to the float shoe adapter comprising: 

a tubular base comprising a plurality of circumferentially spaced apart meshing 
teeth for engaging the meshing teeth of the float shoe adapter; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower retaining sleeve and mating with the inclined surface of a 
corresponding one of the cam arms of the upper cam assembly; 

a float shoe releasably coupled to the torsional coupling of the float shoe adaptor; 

and 

an expandable tubular member coupled to the float shoe and supported by and 
movably coupled to the upper and lower expansion cone segments; 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically deforming and radially expanding the 
expandable tubular member; 

wherein each upper expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
5 and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
10 support member and arcuate cylindrical lower surfaces; . 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each upper expansion cone segment is tapered in the longitudinal 
15 direction from the intermediate portion to the outer portion; and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

16. A collapsible expansion cone assembly comprising: 
20 an upper tubular support member comprising an internal flange; 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member; and 

a plurality of cam arms extending from the tubular base in a downward 
25 longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
tubular support member; 

a lower tubular support member comprising an internal flange; 
30 one or more frangible couplings for releasably coupling the upper and lower 

tubular support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member; and 
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a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; and 

wherein the upper and lower expansion cone segments together define an 
arcuate spherical external surface for plastically deforming and radially expanding the 
expandable tubular member. 

17. The assembly of claim 16, wherein each upper expansion cone segment 
comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces. 

18. The assembly of claim 16, wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 
and 
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wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

19. A collapsible expansion cone assembly, comprising: 
5 an upper tubular support member comprising an internal flange; 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member; and 

a plurality of cam arms extending from the tubular base in a downward 
10 longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
tubular support member; 

a lower tubular support member comprising an internal flange; 
15 one or more frangible couplings for releasably coupling the upper and lower 

tubular support members; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member, and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
20 direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 
25 lower cam assembly, each lower expansion cone segment pivotally coupled to the 
internal flange of the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; 

wherein the lower expansion cone segments interleave and overlap the upper 
expansion cone segments; 
30 wherein the upper and lower expansion cone segments together define an 

arcuate spherical external surface for plastically deforming and radially expanding the 
expandable tubular member; 

wherein each upper expansion cone segment comprises: 
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an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the upper expansion cone segment to the upper tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface including a hinge 
groove for pivotally coupling the lower expansion cone segment to the lower tubular 
support member and arcuate cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; 

wherein each upper expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion; and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

20. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

a tubular support member; 

a collapsible expansion cone coupled to the tubular support member; 
an expandable tubular member coupled to the collapsible expansion cone; 
means for displacing the collapsible expansion cone relative to the expandable 
tubular member; and 

means for collapsing the expansion cone. 

21. The apparatus of claim 20, wherein the tubular support member comprises an 
upper tubular support member comprising an internal flange and a lower tubular 
support member comprising an internal flange; wherein the expansion cone comprises: 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper support member, and 



41 



o 



a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the internal flange of the upper 
5 tubular support member; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
1 0 surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 
15 internal flange of the lower tubular support member and mating with the inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; and 
wherein the apparatus further comprises: 

means for releasably coupling the upper tubular support member to the lower 
tubular support member; and 
20 means for limiting movement of the upper tubular support member relative to the 

lower tubular support member. 

22. The apparatus of claim 20, further comprising: 

means for pivoting the upper expansion cone segments; and 
25 means for pivoting the lower expansion cone segments. 

23. The apparatus of claim 20, further comprising: 

means for pulling the collapsible expansion cone through the expandable tubular 
member. 

30 

24. A collapsible expansion cone, comprising: 
an upper cam assembly comprising: 

a tubular base; and 
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a plurality of cam arms extending from the tubular base in a downward 
longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly; 
5 a lower cam assembly comprising: 

a tubular base; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

10 wherein the cams arms of the upper cam assembly are interleaved with and 

overlap the cam arms of the lower cam assembly; 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment mating with the inclined 
surface of a corresponding one of the cam arms of the upper cam assembly; 

1 5 means for moving the upper cam assembly away from the lower expansion cone 

segments; and 

means for moving the lower cam assembly away from the upper expansion cone 
segments. 

20 25. The apparatus of claim 24, wherein the upper and lower expansion cone 
segments together define an arcuate spherical external surface. 

26. The apparatus of claim 24, wherein each upper expansion cone segment 
comprises: 

25 an inner portion defining an arcuate cylindrical upper surface and arcuate 

cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 

an outer portion defining arcuate cylindrical upper and lower surfaces; and 
30 wherein each lower expansion cone segment comprises: 

an inner portion defining an arcuate cylindrical upper surface and arcuate 
cylindrical lower surfaces; 

an intermediate portion defining arcuate cylindrical and spherical upper surfaces 
and an arcuate conical lower surface; and 
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an outer portion defining arcuate cylindrical upper and lower surfaces. 

27. The apparatus of claim 24, wherein each upper expansion cone segment is 
tapered in the longitudinal direction from the intermediate portion to the outer portion; 
and 

wherein each lower expansion cone segment is tapered in the longitudinal 
direction from the intermediate portion to the outer portion. 

28. A method of radially expanding and plastically deforming an expandable tubular 
member, comprising: 

supporting the expandable tubular member using a tubular support member and 
a collapsible expansion cone; 

injecting a fluidic material into the tubular support member; 

sensing the operating pressure of the injected fluidic material within a first interior 
portion of the tubular support member; 

displacing the collapsible expansion cone relative to the expandable tubular 
member when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of the tubular support member; 

sensing the operating pressure of the injected fluidic material within a second 
interior portion of the tubular support member; and 

collapsing the collapsible expansion cone when the sensed operating pressure of 
the injected fluidic material exceeds a predetermined level within the second interior 
portion of the tubular support member. 

29. The method of claim 28, further comprising: 

pulling the collapsible expansion cone through the expandable tubular member 
when the sensed operating pressure of the injected fluidic material exceeds a 
predetermined level within the first interior portion of the tubular support member. 

30. The method of claim 29, wherein pulling the collapsible expansion cone through 
the expandable tubular member comprises: 

coupling one or more cup seals to the tubular support member above the 
collapsible expansion cone; 



44 



J 



10 



pressuring the interior of the expandable tubular member below the cup seals; 

and 

pulling the collapsible expansion cone through the expandable tubular member 
using the cup seals. 

31. The method of claim 28, wherein the tubular support member comprises an 
upper tubular support member and a lower tubular support member; and wherein 
collapsing the collapsible expansion cone comprises displacing the upper tubular 
member relative to the lower tubular support member. 



32. The method of claim 31 , wherein the collapsible expansion cone comprises: 
an upper cam assembly comprising: 
a tubular base; and 

a plurality of cam arms extending from the tubular base in a downward 
1 5 longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the upper tubular support member; 
a lower cam assembly comprising: 

a tubular base; and 

20 a plurality of cam arms extending from the tubular base in an upward longitudinal 

direction, each cam arm defining an inclined surface that mates with the inclined 
surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

25 a plurality of lower expansion cone segments interleaved with cam arms of the 

lower cam assembly, each lower expansion cone segment pivotally coupled to the 
lower tubular support member and mating with the inclined surface of a corresponding 
one of the cam arms of the upper cam assembly. 
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Amendments to the claims have been filed as follows 



1. An apparatus for radially expanding and plastically deforming an expandable 
tubular member, comprising: 

5 an upper tubular support member defining a first passage; 

one or more cup seals coupled to the exterior surface of the upper tubular 
support member for sealing an interface between the upper tubular support member 
and the expandable tubular member; 

a collapsible expansion cone coupled to the upper tubular support member; 
10 means for displacing the collapsible expansion cone relative to the expandable 

tubular member; and 

means for collapsing the collapsible expansion cone; 

wherein the expandable tubular member is coupled to the collapsible expansion 

cone. 

15 

2. The apparatus of claim 1 , wherein the collapsible expansion cone comprises: 

an upper cam assembly coupled to the upper tubular support member 
comprising: 

a tubular base coupled to the upper tubular support member; and 
20 a plurality of cam arms extending from the tubular base in a downward 

longitudinal direction, each cam arm defining an inclined surface; 

a plurality of upper expansion cone segments interleaved with the cam arms of 
the upper cam assembly and pivotally coupled to the upper tubular support member; 

a lower tubular support member defining a second passage fluidicly coupled to 
25 the first passage releasably coupled to the upper tubular support member; 

a lower cam assembly coupled to the lower tubular support member comprising: 

a tubular base coupled to the lower tubular support member; and 

a plurality of cam arms extending from the tubular base in an upward longitudinal 
direction, each cam arm defining an inclined surface that mates with the inclined 
30 surface of a corresponding one of the upper expansion cone segments; 

wherein the cams arms of the upper cam assembly are interleaved with and 
overlap the cam arms of the lower cam assembly; and 

a plurality of lower expansion cone segments interleaved with cam arms of the 
lower cam assembly, each lower expansion cone segment pivotally coupled to the 



lower tubular support member and mating with the inclined surface of a corresponding 
one of the cam arms of the upper cam assembly. 

3. The apparatus of claim 2, wherein the lower expansion cone segments interleave 
and overlap the upper expansion cone segments; and wherein the upper and lower 
expansion cone segments together define an arcuate spherical external surface for 
plastically deforming and radially expanding the expandable tubular member. 
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